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The recent proposal that ionized phytyl methyl ether [C,,H,,(CH,)C =CHCH,OCHl’] 
undergoes an allylic rearrangement to ionized isophytyl methyl ether [CH, = 
CHC(C,,H,,XCH,)OCH,f’] before elimination of an alkyl radical is discussed. Both litera- 
ture precedent and new results in which the structure of the [M - C,,Hj.J+ fragment ion is 
established by comparison of its collision-induced dissociation mass spectrum with the 
spectra of isomeric C,H,O+ ions of known structure are inconsistent with this proposal. The 
formation of CH,CH=CHCH =O+CHa by loss of a y-alkyl substituent without skeletal 
isomerization rather than CH, = CHCfCH,) = O+CH, after allylic rearrangement is ex- 
plained in terms of a mechanism that involves two 1,2-H shifts, followed by a-cleavage of 
the resultant ionized enol ether, C,,H,,(CH,)CH-CH =CHOCHz’ . (1 Am Sot Mass Spectrom 
1996, 7, 205-208) 
T he final article 111 in the last issue of Organic Mass Spectrometry is a letter that proposes that ionized phytyl methyl ether undergoes an allylic 
rearrangement to ionized isophytyl methyl ether be- 
fore fragmentation via a-cleavage by expulsion of 
C,,H& (major channel) or CH; (minor channel) to 
give CsHsO+ (m/z 85) and C,,H,,O+ (m/z 2951, 
respectively; Scheme I. The key step in this isomeriza- 
tion involves the cyclic distonic [2,3] ion b, which may 
be derived from a 2,2-disubstituted oxetane by methyl 
cationization on oxygen and hydrogen atom abstrac- 
tion from the 3-position. The facile participation of 
such a species is novel, especially in view of the 
well-known difficulty to form four-membered rings 
from acyclic precursors. 
An alternative mechanism for the allylic rearrange 
ment entails C-O bond cleavage to give an ion-neu- 
tral complex [41 that consists of a 1,1-disubsitituted 
allylic cation and a methoxy radical. Recombination of 
the components with attachment of the oxygen atom to 
the more substituted carbon atom then leads to ionized 
isophytyl methyl ether; Scheme II. There is some litera- 
ture precedent for this route in the analogous rear- 
rangement steps observed in the reactions of ionized 
rz-alkanols and long-chain alkyl esters of carboxylic 
acids 15, 61. 
The similarity of the conventional electron impact 
ionization (EI) mass spectra of phytyl and isophytyl 
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methyl ethers was cited [ll as a reason to propose that 
allylic rearrangement preceded fragmentation of ion- 
ized phytyl methyl ether. However, the similarity of 
these spectra is purely coincidental: parallel trends 
have been reported previously for simpler related pairs 
of allylic alkenyl methyl ethers 171. 
Thus, the 70-eV EI spectra of CH,CH = 
CHCH,OCH, and CH, =CHCH(CH,)OCH, both 
show intense fragment ion signals at m/z 71. More- 
over, the only obvious differences between the spectra 
are the relative intensities of the signals at m/z 59,45, 
and 43. Indeed, even the spectrum of the third allylic 
isomer of C,H,OCHs [CH, =(CH,lCCH,OCH,l can 
be distinguished only with care from those of CH,CH 
= CHCH,OCH, and CH, =CHCH(CH,lOCH, [7]. In 
all three cases, collision-induced dissociation (CID) 
studies establish that the same product ion [CH, = 
CHCH=O+CH,] is formed [Bl . These similarities 
persist in the low energy (12-eV1, low temperature 
(350-K) El spectra of the three isomeric ethers and in 
the 70- and 12-eV EI spectra of their C,H,OCD, 
analogs 171. Furthermore, the reactions of metastable 
C,H,OCH;’ species generated from the isomeric 
ethers are closely similar: all three isomers show a 
strong preference for expulsion of a methyl radical 
(94-95% of the metastable ion current) 181. These data 
could be taken to indicate that the three isomeric 
radical cations interconvert with one another before 
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dissociation through common transition states occurs. 
However, the behavior of their labeled analogs re- 
futes such an explanation. Thus, for example, metas- 
table CH ,CH = CHCH ,OCDl’ and CH,= 
(CH,)CCH,OCD;’ lose CH; with high selectivity 
(- 97%), but CH, = CHCH(CH,K)CD:’ eliminates 
CH; (66%), CH,D’ (28%) and even a small proportion 
of CHD; (6%) [81. Consequently, although CH,CH= 
CHCH,OCD,+’ and CH, =(CHs)CCH,OCD:’ display 
apparently indistinguishable reactivities, CH z = 
CHCH(CH,)OCDl’, has a distinct and subtly different 
chemistry. 
Parallel similarities are found in the spectra of iso- 
merit C,H,OCH, and C,H,,OCH, ethers. Thus, 
the 70-eV EI spectra of prenyl and isoprenyl methyl 
ethers [(CH s)zC = CHCH ,OCH a and CH 2 = 
CHC(CH,),OCH,, respectively] are quite similar [7]. 
The major differences are the greater relative intensity 
of the M+’ signal in the spectrum of prenyl methyl 
ether and the occurrence of a significant [M - C,H,]’ 
ion in the spectrum of isoprenyl methyl ether. These 
differences persist on a much reduced scale in the 
spectra reported for phytyl and isophytyl methyl 
ethers; a weak M+’ signal at m/z 310 is quoted only 
for the former, but a weak [M - C2H3]+ ion at m/z 
283 is quoted only for the latter [I]. 
Despite the similarity of their spectra, the molecular 
ions of prenyl and isoprenyl methyl ethers do not 
equilibrate before loss of a methyl radical at either 
high or low internal energies. Thus, CID studies reveal 
that [M - CH,]+ in the EI spectrum of isoprenyl 
methyl ether has a different structure from the corre- 
sponding ion in the spectrum of prenyl methyl ether 
[9]. Moreover, metastable CH, =CHC(CH,),OCD,+’ 
eliminates both CH; and CD;, whereas metastable 
(CH,),C = CHCH,OCD:’ loses CH; essentially exclu- 
sively (Bowen, R. D.; Suh, D.; Terlouw, J. K., unpub- 
lished work). 
Schemes I and II both entail isomerization of the 
heavy atom skeleton of ionized phytyl methyl ether, 
with eventual formation of the conjugated oxonium 
ions CH, =CHC(R)=O+CH, [R = CH, and C,,H,,, 
respectively] in which the methoxy group is attached 
to a carbon atom that carries two hydrocarbon sub- 
stituents. In contrast, a comprehensive survey [9] of 
alkyl radical loss from ionized pentenyl and hexenyl 
methyl ethers in which the structure(s) of the resultant 
fragment ions were determined by measurement of 
their CID spectra interpreted elimination of a y-alkyl 
group in allylic systems in terms of two consecutive 
1,2-H shifts, followed by u-cleavage of the resultant 
ionized enol ether; Scheme III. The first of these 1,2-H 
shifts (shown in Italic type> may be considered to 
terminate at a cationic center (i.e., a hydride anion 
migrates to a carbon atom that is part of an electron- 
deficient double bond). Such processes are facile and 
normally occur at the thermochemical threshold. How- 
ever, the second 1,2-H shift (shown in bold type) must 
terminate at a radical center (i.e., a hydrogen atom 
migrates to the radical site of a distonic ion). Such 
steps involve additional energy barriers and do not 
normally occur in simple radicals [lo], even in the gas 
phase in cases where they are energetically favorable 
[ll]. Nevertheless, there is clear evidence from related 
research on distonic ions isomeric with ionized car- 
boxylic acids [12, 131 and work on distonic ions de- 
rived from ionized alkenols [14] or ionized alkenyl 
methyl ethers [8,9] that slow 1,2-H shifts to the radical 
site do occur in such systems. Each of these 1,2-H 
shifts to a spin center is usually the key step in the 
mechanism for dissociation. Typically, as in the pres- 
ent case, it leads to an ionized substituted alkene, 
which may fragment by y-cleavage. 
A direct 1,3-H shift in the ionized allylic alkenyl 
methyl ether would lead to the same ionized enol 
ether as that formed by two 1,2-shifts. These altema- 
tive descriptions cannot be distinguished purely on the 
basis of the present data. However, there are sound 
precedents for exclusion of such a 1,3-H shift, which is 
symmetry forbidden [15] and known to entail a sub- 
stantial energy barrier in cationic systems [16]. More- 
over, no evidence was found for 1,3-H shifts to radical 
I 1.2-H = 1.2.hydrogen shin to calionic cenlw I I R = CH,. Ionized prenyl methyl ether. 1.2-H = 1 ,Bhydrogen shin lo radical cenlre R = f&H,,. Ionized phyiyl methyl ether I 
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centers in distonic ions that are isomeric with ionized 
carboxylic acids, even though 1,2-H shifts were docu- 
mented for these radical cations [12, 131. 
The pathway that involves 1,2-H shifts for loss of a 
y-substituent does not involve prior changes to the 
connectivity of the heavy atoms. Furthermore, it usu- 
ally produces a different fragment ion from that given 
by allylic rearrangement followed by a-cleavage. 
Thus, the CID spectrum of the [M - CH,]+ ion formed 
from prenyl methyl ether is essentially the same as 
that of CH,CH=CHCH =O+CHa [generated by ion- 
ization and ethyl radical loss from CH,CH= 
CHCH(C,H,)OCH,], but distinct from those of 
CH, = CHC(CH,) = O+CHa [formed by dissociative 
ionization of CH,=CHC(CH,),OCHa or CH,= 
CHC(CH,XC,H,)OCH,] and CH, =(CH,)CCH= 
O+CH, [formed by dissociative ionization of CH, = 
(CHJCCH(C,H,)OCH,] [91. These observations es- 
tablish a strong precedent for interpretation of the 
facile loss of C,,H& from ionized phytyl methyl ether 
by an analogous mechanism that leads to CH,CH= 
CHCH = O+CH,, rather than CH, = CHCfCH,) = 
O+CH,, as would be required by Schemes I and II. 
This hypothesis is subjected readily to experimental 
test. The CID spectrum of the CsH90+ ion formed 
from ionized phytyl methyl ether is almost identical to 
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that of authentic CH,CH =CHCH=O+CH, but dis- 
tinct from those of CH, =(CH,)CCH=O+CH, and 
CH, = CHC(CH,)=O+CH,; Figure 1. These data re- 
fute the the speculative proposal that involves allylic 
rearrangement via the cyclic distonic ion and also 
exclude the possibility of a skeletal isomerization anal- 
ogous to that proposed in early work on ionized alka- 
nols and esters. 
These literature precedents and new results empha- 
size that the occurrence of similar spectra cannot al- 
ways be regarded as sound evidence to propose that 
ionized allylic ethers obtained from isomeric precur- 
sors interconvert before fragmentation. In particular, 
ionized phytyl methyl ether does not rearrange either 
reversibly or unidirectionally to ionized isophytyl 
methyl ether. Instead, it dissociates independently via 
another mechanism, which almost certainly involves 
two 1,2-H shifts followed by y-cleavage. The strong 
preference for expulsion of C,,H& in the final step 
probably reflects generic trends in the relative rates for 
loss of various alkyl radicals from distonic ions (loss of 
CH, occurs much more slowly than elimination of 
C,H; and larger species) [12, 131. Further work shows 
that alkyl radical loss from R’R’C = CHCH,OCH:’ 
radical cations generally involves y-cleavage (Bowen, 
R. D.; Clifford, I’.; Gallagher, R. T., in preparation). 
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Figure 1. CID spectra of C,H,O+ ions formed from (a) CH,=(CH,)CCH(C,H,)OCH,, (b) 
CH, =CHC(CH,MC,H,K)CH,, (cl CH,CH=CHCH(C,H,)OCH,, and (d) phytyl methyl ether. 
These spectra were recorded on a Kratos Analytical Ltd. (Manchester, U.K.) Concept I1 HH 
four-sector mass spectrometer with helium as the collision gas under the conditions reported 
previously [9]. 
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